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Abstract 
Recent research suggests that global climate change impacts may be more serious than predicted 
even two years ago.  The transportation sector is a major contributor of greenhouse gases (GHGs), 
and the context, design, and operation of urban developments influence the extent of their 
transportation-related climate change impacts.  Impact assessment is a formal environmental 
policy tool that has only recently expanded to climate change, most notably under the California 
Environmental Quality Act (CEQA).  This paper suggests a conceptual framework for setting a 
significance threshold for climate change impacts from individual developments, discussing 
challenges and measurement techniques.  It reports the findings of a policy review of California 
regulations, plans, and CEQA environmental impact reports (EIRs) that address climate change.  
It supplements the review with notes from interviews with California officials and planners 
involved in climate change policy.  A hypothetical application of the significance framework 
estimates that development-influenced vehicle travel contributes to about 3.4% of total U.S. 
GHGs.  It is possible for developments to avoid a significant contribution to climate change 
through location, design, and travel demand management strategies that have been shown to 
reduce emissions.  Climate change impact assessment is valuable for individual developments, 
but, given the nature of climate change, is best conducted at the regional or programmatic level.  
This accords with the current regionalization of climate change planning in California.  The most 
effective approach for individual developments is a hybrid approach that combines emissions 
scenario modeling with a qualitative discussion of mitigation measures and climate-friendly 
project characteristics. 
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Introduction 
This paper discusses climate change impact assessment for individual developments.  
While recognizing that developments contribute to climate change in several ways (for 
example, building energy use, construction, and deforestation), the paper focuses on 
measuring and evaluating the impact of transportation-related greenhouse gas (GHG) 
emissions.  Specifically, it focuses on a development’s location, design, and travel 
demand management policies, three factors of transportation emissions that a developer 
can control.  The first section summarizes some recent scientific estimates of climate 
change’s future magnitude and the extent of the transportation sector’s role in causing it.  
The second section discusses the nature of climate change in the context of impact 
assessment theory and practice.  The third section builds a framework for guiding the 
establishment of climate change significance thresholds for developments’ transportation 
emissions.  Building the framework is a conceptual process for localizing global 
significance thresholds based on emissions reduction targets likely to stabilize the climate 
system, prevent global warming beyond particular levels, and minimize the risk of 
harmful climate change impacts.  The fourth section is a discussion section that addresses 
some critical questions: Is it useful to assess climate change impacts at the site level?  
Should GHGs primarily be evaluated programmatically, at a regional scale or higher?  
The section explores alternative methods for assessing climate change and 
methodological improvements that may facilitate more refined impact assessment. 
 
The approach of the paper is both academic and practical.  The significance framework 
draws from two relatively mature research fields – climate science and the connection 
between the built environment and travel behavior.  It also incorporates a policy review 
of climate change elements of Environmental Impact Reports (EIRs) required for certain 
projects by the California Environmental Quality Act (CEQA).  While GHG inventories 
are prevalent in states, metropolitan areas, and localities across the country1, California is 
virtually the only state where impacts on climate change are formally assessed at the site 
level.  This is due both to CEQA’s legal history and to the fact that California has the 
only mandatory statewide GHG emissions reduction law for all sectors.  Although the 
practical side focuses mainly on California environmental policy, the academic 
discussion is intended to inform a broader discussion on the effect of urban development 
on climate change. 
Climate Change and Transportation: A Brief Overview 
Scientific findings since the IPCC Fourth Assessment Report 
A year and a half have passed since the Intergovernmental Panel on Climate Change 
(IPCC) released its Fourth Assessment Report (AR4) on November 17, 2007.  The AR4 
reports a warming trend of 0.74°C over the last 100 years, 0.14°C higher than the 100-
year warming trend reported in the Third Assessment Report (TAR) of 2001.  Although 
the projected future warming range of 1.1 to 6.4°C by 2100 is similar to the TAR, the 
AR4 makes “a broader and more confident assessment of the relationship between 
observed warming and impacts than was made in the TAR”.  Projected impacts include 
sea level rise (0.18-0.59 m by 2100), increased tropical cyclone intensity, increased heat 
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extremes, changes in precipitation patterns (including more frequent heavy precipitation 
events in some regions and less overall precipitation in others), accelerated glacial and 
snow pack melting, sea ice melting in the Arctic and Antarctic (including the potential 
complete disappearance of Arctic late-summer sea ice after 2050), and increased 
extinction risk for a quarter of plant and animal species.2 
 
Since the AR4, the findings of a number of studies suggest that it may be too 
conservative in its projections.  Two studies in 2007 and 2008 estimated significantly 
higher 21st-century sea level rise ranges: 0.5-1.4 m and 0.47-1.0 m, respectively.3  There 
is evidence that the actual loss of sea ice, warming, and GHG emissions levels are in the 
upper range or in excess of IPCC model projections.4  Specifically, the global emissions 
trajectory since 2000 is above the highest emissions scenario utilized by the IPCC to 
predict future warming.  Projected impacts may be more sensitive to temperature 
increases than previously supposed.5  The Climate Change Congress, a summit of climate 
scientists held in Copenhagen in March 2009, sent a clear message that many climate 
change trends are more severe than the IPCC estimated: 
Recent observations confirm that, given high rates of observed emissions, the 
worst-case IPCC scenario trajectories (or even worse) are being realised. For 
many key parameters, the climate system is already moving beyond the patterns 
of natural variability within which our society and economy have developed and 
thrived. These parameters include global mean surface temperature, sea-level rise, 
ocean and ice sheet dynamics, ocean acidification, and extreme climatic events. 
There is a significant risk that many of the trends will accelerate, leading to an 
increasing risk of abrupt or irreversible climatic shifts.6 
Because climate science is continually improving and some key uncertainties remain, 
climate change impact assessment requires up-to-date knowledge of how emissions relate 
to warming, how warming relates to impacts, and the extent of the uncertainties. 
Contribution of transportation to greenhouse gas emissions 
Although Swedish scientist Svante Arrhenius had posited a connection between fossil 
fuel emissions and global warming by 18967, scientific understanding of humankind’s 
role in global climate change has progressed over the last two decades from educated 
hypothesis to near certainty.  The AR4 had at its disposal enough evidence from the body 
of research and climate model simulations to conclude that “[m]ost of the observed 
increase in global average temperatures since the mid-20th century is very likely due to 
the observed increase in anthropogenic GHG concentrations”.8   In IPCC terminology, 
the adverb “very likely” is assigned a probability range of greater than 90%.9 
 
The transportation sector has been a significant contributor of GHGs, especially carbon 
dioxide (CO2).  It accounts for 28% of GHG emissions and over 31% of CO2 emissions 
in the U.S.  It also accounts for 15% of nitrous oxide (N2O) emissions and 50% of 
hydrofluorocarbon (HFC) emissions, although total emissions of these gases are much 
lower in proportion to CO2.10  CO2 is the dominant GHG in the U.S. transportation sector, 
representing 95% of the sector’s warming effect.11  (Consequently, discussions of 
reducing transportation CO2 often are a proxy for discussions of reducing transportation 
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GHGs.)*  Automobiles are the major GHG culprits within the transportation sector.  Road 
transportation accounts for about three-fourths of global transportation CO2 emissions.12  
On-road vehicles’ share of U.S. transportation GHGs in 2004 was 81%.13  Light-duty 
vehicles alone contributed 10% of global CO2 emissions from fossil fuels, with U.S. cars 
accounting for 45% of this contribution.14  Clearly, strategies for reducing vehicle fossil 
fuel use have a substantial role to play in achieving climate change goals. 
 
A drastic emissions reduction goal cannot be achieved by improvements in vehicle 
technology alone.  As Reid Ewing and co-authors point out in Growing Cooler: The 
Evidence on Urban Development and Climate Change, 
current policy proposals on vehicle technology and fuels would leave passenger 
vehicle CO2 emissions well above 1990 levels in 2030, significantly off course for 
meeting the 2050 target [i.e. a 60 to 80% emissions cut].  Reduction in travel 
demand will therefore become an important element of climate policy.15 
Duncan Eggar, Senior Business Advisor for British Petroleum, affirms the importance of 
changing our travel patterns: “If the world is to fully address the challenge of climate 
change through the stabilization of GHG concentrations in the atmosphere, it will also 
need to embrace [travel] demand management.”16  Therefore, land use planning has an 
important role to play in reducing vehicle fossil fuel use.  One land use planning tool is 
impact assessment. 
Impact Assessment and Climate Change 
Impact assessment (IA) is a formal environmental policy tool for raising awareness of, 
and potentially reducing, the environmental effects of a program, project, or development.  
IA is prevalent in many countries, and it has been institutionalized in the U.S. since the 
National Environmental Policy Act (NEPA) was signed in 1970.  NEPA requires the 
preparation of an environmental impact statement (EIS) for every major action carried 
out by a federal government agency, receiving federal funding, or requiring some federal 
permits.  NEPA defines “major federal action” as including “new and continuing 
activities, including projects and programs entirely or partly financed, assisted, conducted, 
regulated, or approved by federal agencies; new or revised agency rules, regulations, 
plans, policies, or procedures; and legislative proposals”.17  In sum, NEPA applies to “all 
discretionary actions subject to federal control and responsibility”.18 
 
Several states also have their own environmental policy acts (known generically as 
SEPAs), which are generally similar in structure to NEPA but can differ in substance or 
procedure.19  The California Environmental Quality Act (CEQA) is arguably the most 
rigorous of the SEPAs and more generative of environmental documents than even 
                                                 
* It should be noted that while CO2 emissions are a direct function of fuel consumption and the carbon 
content of the fuel consumed, non-CO2 GHG emissions are not directly proportional.  N2O and methane 
(CH4) are affected by the emissions control technology of the vehicle, while HFCs can leak from vehicle air 
conditioning units.  Nonetheless, the elasticity is still obviously positive: some degree of VMT reduction 
will bring about some degree of non-CO2 GHG reduction.  See: American Association of State Highway 
and Transportation Officials (AASHTO). (2006). Assessment of Greenhouse Gas Analysis Techniques for 
Transportation Projects.  NCHRP Project 25-25 Task 17 (Transportation Research Board). Prepared by ICF 
International. May 2006, p. 4 
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NEPA.  CEQA applies to more than just environmental policy; according to Robert 
Olshansky, it “is arguably the most important law governing land-use planning in 
California”.  This is because, “[s]ince its enactment in 1970, CEQA has evolved into a 
procedural act that governs the review and approval process for all large developments”.  
An influential early court case, Friends of Mammoth v. Board of Supervisors (1972), set 
the legal precedent that any project and activity requiring a government permit would fall 
under CEQA review.20 
 
IA usually includes impacts on both the natural and built environments, although what 
impacts are assessed in any one environmental document is at the discretion of the lead 
agency – the public entity that directs the IA process – with consideration of input from 
the consultants preparing the document, other agencies or nonprofits interested in the 
proposed project, and the general public.  More specifically, ecological impacts 
commonly include effects on “water, air, wildlife, soil, plants, and their interaction”, and 
built environment impacts commonly include effects on “utilities, schools, transportation, 
aesthetic quality, and historic, cultural, or socioeconomic” resources.21  A key part of IA 
as far as climate change is concerned is that consideration of indirect and cumulative 
impacts is called for under both NEPA and CEQA. 
 
Under CEQA, cumulative significance determination is a two-step process.  First, a lead 
agency must determine if the cumulative effect is significant.  Second, it must determine 
if the project’s incremental contribution is “cumulatively considerable”.  This occurs 
when “the incremental effects of an individual project are significant when viewed in 
connection with the effects of past projects, the effects of other current projects, and the 
effects of probable future projects”.  While this definition may seem vague or tautological, 
the guidelines provide for avoidance of the “cumulatively considerable” label “if the 
project will comply with the requirements in a previously approved plan or mitigation 
program which provides specific requirements that will avoid or substantially lessen the 
cumulative problem”.22 
 
Climate change is the epitome of a “cumulatively considerable” impact.  It is a 
fundamentally different problem than many “traditional” environmental concerns 
addressed in IA.  Its scale is irreducibly global, its effects vary by region, and its causes 
are distributed across millions of emitting sources and several sectors.  GHGs may be air 
pollutants, but with respect to their heat-trapping property they are a different kind of air 
pollutant than the six “criteria” pollutants regulated for public health and welfare 
purposes by the EPA under the Clean Air Act (notwithstanding ground-level ozone, 
which is both a GHG and a criteria pollutant).  Their harmful effects are chiefly 
meteorological and ecological, and the cause is a thermal process (radiative forcing).  By 
contrast, the harm of pollutants such as carbon monoxide (CO) is primarily in the form of 
direct respiratory symptoms. 
 
Climate jurisprudence has addressed this fundamental difference.  CO2’s non-status as a 
criteria pollutant was the legal impetus for the landmark 2007 Supreme Court case, 
Massachusetts v. EPA.  The majority in the 5-4 decision strove to forge a chain of 
causation between the EPA’s decision not to regulate CO2 and other GHGs from new 
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motor vehicles and the risk to Massachusetts’ coastal land from climate-change-induced 
sea level rise.  Chief Justice Roberts’ dissent, on the other hand, argued that the “very 
concept of global warming seems inconsistent with [the] particularization requirement” 
(i.e. that the alleged injury to the plaintiffs be “concrete and particularized”).  Chief 
Justice Scalia, in his dissent, concurred with the EPA’s claim that the “‘[p]roblems 
associated with atmospheric concentrations of CO2’ bear little resemblance to what 
would naturally be termed ‘air pollution’”.23  Despite the dissenting opinions, and partly 
because Massachusetts v. EPA found CO2 to be an air pollutant, “it is likely that global 
climate change can no longer be reasonably viewed as too speculative for analysis under 
NEPA”.24  The same is true for CEQA, for reasons that are discussed below. 
Significance Determination 
Adequately assessing a development’s impact on climate change involves determining 
significance.  The California Governor’s Office of Planning and Research (OPR) calls 
significance determination the “most difficult part of any greenhouse gas emissions 
analysis”.25  At the time of writing, OPR has released draft amendments to the CEQA 
administrative guidelines in order to provide formal guidance to lead agencies on 
assessing climate change impacts.  The amendments include a new subsection devoted 
solely to determining climate change impact significance.26  One white paper on CEQA 
and climate change states: “Lead agencies have struggled with how best to identify and 
characterize the magnitude of the adverse effects that individual projects have on the 
global-scale phenomenon of climate change”.27 
 
Even in addressing more localized impacts, significance determination in IA practice has 
its flaws.  According to David P. Lawrence, it has been criticized on a number of grounds 
relevant to assessing climate change impacts, including “failure to acknowledge or to 
systematically address” uncertainties and inadequate consideration of indirect, 
cumulative effects.28  The inadequacy could stem from perceptions about the workload of 
tracking these effects.  “To be comprehensive...an approach for considering cumulative 
environmental impacts of individual project proposals must include mechanisms that 
capture the interrelationships of development activities and the complexities of natural 
systems’ responses to perturbations.”29 
 
Significance determination is predicated upon setting a significance threshold, “an 
identifiable quantitative, qualitative, or performance level that marks the division 
between an impact that is significant and one that is not”.30  For climate change, there 
will never be one uniform threshold procedure for all developments.  In normal IA 
practice, setting significance thresholds for local projects is a context-specific process 
involving public participation.31  Defining what constitutes “dangerous anthropogenic 
influence” on the climate system, according to the IPCC, is “a complex task that can only 
be partially supported by science, as it inherently involves normative judgements [sic]”.32  
The uniqueness of climate change as a global environmental problem, however, should 
not exempt it from analysis at the local level.  While uncertainties are present at each 
segment of our understanding of the causal pathway from transportation emissions to 
regional effects, the level of maturity in both the built environment—travel behavior 
research and climate science permits an informed examination of how individual 
6 
developments can affect progress toward climate change goals.  From the global 
environmental perspective, even if climate change’s impacts are felt somewhere else first 
– particularly vulnerable areas such as the Arctic, Bangladesh, Ethiopia, Maldives and 
other island nations, the Great Barrier Reef, and the American West – they should not be 
arbitrarily ignored. 
Building a significance determination framework for 
climate change impact assessment 
This paper proposes a framework for guiding the establishment of significance thresholds 
for a development’s transportation-related GHG emissions.  Building the framework 
follows a conceptual process premised on the argument that the climate must be 
stabilized, global emissions must be cut by at least 80% below 1990 levels to make 
stabilization likely, and that urban development has the capability – and responsibility – 
to contribute to this goal through location, design, and operation.  The approach is to 
localize a global significance threshold in the form of a GHG reduction target and give a 
rough estimate of how much responsibility for meeting the target should be allocated to 
these three variables. 
Setting a goal of avoiding hardship from major climate change 
effects 
Theoretically, building a framework for determining climate change impact significance 
begins with setting a goal of avoiding hardship resulting from major climate change 
effects that are reasonably foreseeable at certain warming levels.  As mentioned 
previously, establishing a “safe” warming level under which to stay is not a fully 
quantitative endeavor and will inevitably involve some degree of value judgment, 
however well-supported by quantitative findings.   Nevertheless, a strengthening 
consensus is that a 2°C warming above preindustrial must be avoided.  For example, it is 
the long-term goal of European Union climate policy.33 
 
The IPCC and other climate research provide general guidance on vulnerability to various 
effects based on increments of warming.  In the TAR, the IPCC identified five “reasons 
for concern” (RFCs) that serve as categories for describing the severity of impacts.  They 
have been updated by Smith et al. based on new findings since the TAR, reflecting the 
increased sensitivity of some impacts to warming.  The categories are portrayed 
graphically as sliding scales of severity associated with GMT increases (Appendix, 
Section 2).  At 2°C above 1990 GMT, the updated RFCs predict risks to many unique 
and threatened ecosystems, a large increase in the severity of extreme weather events, 
negative impacts distributed over most regions, a moderate risk for all markets to be 
affected, and a moderate risk of large-scale discontinuities (irreversible climate tipping 
points that would lead to major impacts).  While the RFCs use 1990 GMT as the baseline, 
the first three sliding scales indicate that even warming of less than 2°C above 1990 
GMT risks substantial changes in biological and meteorological systems.34  This 
reinforces the use of preindustrial GMT as the baseline for the 2°C goal.  Especially in 
light of the post-AR4 findings discussed previously, 2°C above preindustrial may be the 
upper limit of the safe warming range.  Climate scientist W.L. Hare contends that 
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warming should be kept as far below 2°C above preindustrial as possible, with a long-
term aim of less than 1°C warming.35 
Determining emissions reductions necessary to reach an 
established climate stabilization goal 
The goal of climate stabilization is the basis for a global significance threshold for 
climate change.  Above a future atmospheric GHG concentration range, there is a 
likelier-than-not probability of a future warming level which is associated with certain 
impact likelihoods, extents, and magnitudes estimated by climate research and modeling.  
Since business-as-usual emissions rates in the near future will raise the atmospheric 
concentration beyond this range, it is becoming ever clearer that considerable cuts in 
emissions rates need to be implemented globally and soon in order to stabilize climate 
conditions in the long term.  For this significance framework, I use a two-tiered approach: 
80% and 100% emissions reductions from a 1990 baseline by 2050.  The first tier 
represents the upper bound of a common recommended target range, and the second tier 
represents the more substantial reduction believed to be necessary to achieve the 1°C 
target (given carbon capture and storage).  Support for choosing these two tiers is 
presented in the Appendix, Section 3.  Following Christopher Yang and coauthors36, I use 
“80in50” and “100in50” as shorthand for the targets.  The business-as-usual (BAU) 
emissions level in the U.S. in 2050 is estimated to be 32.7% above 1990.  Therefore, 
80in50 means an 85% reduction from BAU (Appendix, Section 4). 
 
In CEQA review, establishing a significance threshold may be based on an existing 
climate change policy for a project’s jurisdiction.  Overall, the current CEQA guidelines 
give lead agencies discretion in developing a threshold, which is defined as “an 
identifiable quantitative, qualitative or performance level of a particular environmental 
effect” that must be exceeded in order for the project’s impact to be considered 
significant.  On the other hand, a threshold must be “developed through a public review 
process and be supported by substantial evidence”.37  Importantly, the draft guidelines 
stipulate that lead agencies “make a good-faith effort, based on available information, to 
describe, calculate or estimate the amount of greenhouse gas emissions associated with a 
project, including emissions associated with energy consumption and vehicular traffic”.  
Still, lead agencies may opt for a qualitative approach in lieu of actually modeling 
emissions.38 
 
The Global Warming Solutions Act of 2006 (Assembly Bill 32, or AB 32) is the impetus 
for evaluating GHG impacts under CEQA.39  The letter of the law declares: “Global 
warming poses a serious threat to the economic well-being, public health, natural 
resources, and the environment of California”.40  This clear legislative declaration of 
climate change as a significant impact invited CEQA authority, which was solidified by 
several key lawsuits and Senate Bill 97.  The result was an increase in the number of 
climate change references in environmental documents reviewed by the state from just 
two in 2006 to 131 in 2007.41  AB 32 calls for a statewide reduction of GHG emissions to 
1990 levels by 2020.  The implementing entity is the California Air Resources Board 
(ARB), which approved a scoping plan on December 12, 2008.  The plan sets the course 
of regulations, voluntary actions, incentives, programs, fees, and mechanisms that 
8 
comprise the strategies ARB intends to employ to meet the AB 32 target.  Whether a 
project would “help or hinder” progress toward the target is thus a suggested 
consideration for significance determination in the draft guidelines.  Other suggested 
considerations include whether the project leads to increases in fuel or energy 
consumption and whether the project promotes energy efficiency.42  Although AB 32’s 
target year is limited to 2020, Executive Order S-3-05, signed by Governor 
Schwarzenegger, sets a nonbinding emissions reduction goal of 80% below 1990 levels 
by 2050.*  The two targets have different grounds: technologic and economic for AB 32 
and climatologic for S-3-05’s 80in50.43 
Determining the extent to which the characteristics of a 
development are responsible for transportation emissions 
For the purposes of the significance framework, we want to make an informed estimate 
of the extent to which the context, design, and operation of a development should 
contribute to necessary transportation emissions reductions.  The premise is that all 
emitting sectors bear some of the emissions reduction responsibility, and the point here is 
to focus on the transportation emissions a development can influence.  In this section, I 
estimate these emissions’ share of U.S. GHG emissions† and summarize research on what 
emissions cuts from the transportation and land use planning sectors are feasible and 
cost-effective. 
Allocation based on the current share of emissions 
In a scenario involving equity among sectors, allocating emissions cuts to the 
transportation sector would be based on a recent estimate of its share of emissions.  
Examples are listed in Table 1 for the world, the U.S., and a few sample states and local 
governments.  The table shows that shares can vary greatly based on the jurisdiction.  
Global emissions statistics show that transportation’s share changes considerably based 
on whether or not non-energy-related emissions (such as deforestation) are included.  
Following this approach, I use the U.S. transportation sector’s 2007 share of 28% as a 
reference, noting that this number has changed since 1990 and may change again in the 
future. 
 
In recent decades, transportation-related GHG emissions have grown rapidly both 
nationally and globally.  In the U.S., the transportation sector has accounted for 44% of 
the growth in CO2 emissions since 1990.44  Globally, GHG emissions from transportation 
sources “increased at a faster rate than any other energy-using sector” from 1990-2002.45  
Just as current transportation GHG shares differ between the U.S. and the world, the pace 
of future transportation GHG growth is projected to be divergent as well.  Under a 
business-as-usual scenario, global transportation GHGs “are expected to grow steadily 
during the next few decades, yielding about an 80% increase from 2002-2030 or 2.1% per 
                                                 
* The order also created the Climate Action Team (CAT), a group of state government agencies whose 
proposed early action measures – which include transportation efficiency, intelligent transportation, and 
smart land use planning – have been referenced as mitigation measures in EIRs. Source: California 
Environmental Protection Agency. (2007). Climate Action Team Proposed Early Actions To Mitigate 
Climate Change In California: Draft for Public Review. 
† A summary table of the estimation is in the Appendix, Section 4. 
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year”.46  By 2050, transportation sources are expected to comprise 30-50% of all CO2 
emissions.47  However, the International Energy Agency projects annual transportation 
CO2 growth to be unevenly distributed between developing (3.6%) and developed (1.3%) 
countries.48  Undoubtedly, motorization rates in China and India influence this 
divergence.  Estimates vary for U.S. trends.  A 2003 study prepared for the Pew Center 
on Global Climate Change predicted transportation’s contribution to all U.S. CO2 
emissions to rise to 36% by 2020.49  On the other hand, the Energy Information 
Administration’s 2009 Annual Energy Outlook predicts relatively slow annual growth 
(0.4%) in transportation energy demand out to 2030 (with fuel economy improvements 
helping to offset increased VMT), and most of that growth is expected to stem from 
heavy-duty vehicles and air transportation.50 
 
Scale % of all GHGs Year Notes Source 
World 23 2004 
Share is 13.1% when 
factoring in 
deforestation 
IPCC51 
United States 28 2007  EIA52 
 25 1990  EPA53 
California 38 2002-2004 3-year average CARB
54 
North Carolina 29 2000 Includes ag. and waste NC CAPAG55 
Vermont 44 2000 Includes ag. and waste CCS56 
New York City 23 2005 
20% from on-road 
vehicles; 3% from 
transit 
PlaNYC57 
Orange County, 
NC 48 2005 
Excludes ag., soil 
mgmt., air transport ICLEI
58 
Table 1.  Transportation’s share of total GHG emissions at various jurisdictions. 
 
Since travel to and from developments in the U.S. is primarily undertaken by motor 
vehicle, I assume here that they are not responsible for transportation emissions from 
non-road sources, such as aviation and rail.  Light-duty vehicles (LDVs) accounted for 
62% of transportation CO2 in 2006.59  Assuming the same percentage for 2007 (and 
assuming the same share for all transportation GHGs), their share of total U.S. emissions 
is 17.3%.  In California, LDVs accounted for 70% of instate transportation GHG 
emissions and 50% of total emissions (including half of all trips with an out-of-state trip 
end).60 
 
Vehicle emissions are commonly characterized by the “three-legged stool” metaphor in 
that they are a function of fuel efficiency, fuel technology (e.g. alternative fuels), and 
vehicle-miles traveled.  Intuitively, development characteristics and operations have little 
direct influence on fuel technology.  Density may have a small influence on fuel 
efficiency if, through increased congestion, it lowers average travel speeds farther below 
the most efficient speed (around 45-50 mph), but this elasticity is estimated at -0.15 and 
only for peak-hour travel (about two-fifths of daily travel).61  Tenants may have some 
effect, through vehicle purchases, on fuel efficiency or the use of alternative fuels – for 
example, a company whose fleet includes hybrid cars or E85 vehicles – but for the most 
part residents, patrons, and employees will have chosen their own vehicle. 
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Contrary to the first two legs of the stool, a body of evidence has shown that a 
development’s context and design are significantly related to VMT (discussed more 
below).  Determining the share of responsibility for each leg of the stool is up for debate.  
One might argue that if ambitious fuel efficiency and alternative fuel strategies are 
aggressively pursued, then substantial travel demand reduction would not be necessary 
for 80in50.  (The debate only becomes more complex if the idea of carbon capture and 
storage is introduced.)  It would follow that travel demand is not part of our current 
emissions “surplus” and that projects could “let” the other two legs of the stool do the 
heavy lifting on climate change mitigation.  In fact, Yang et al. came up with two such 
scenarios for instate travel in California.  However, one scenario makes optimistic 
assumptions of biofuel carbon intensity production (i.e. that 83% of transportation energy 
would come from cellulosic biofuels in 2050) and another assumes a predominantly 
hydrogen-powered transportation system.  A more balanced 80in50 scenario involves 
travel demand reductions due to compact development and travel demand management 
contributing to 29% (79 MMTCO2e) of the needed reduction, with improved vehicle 
efficiency contributing 51.5% and decreased fuel carbon intensity contributing 19.5%.  
About three-fourths of the travel demand reduction applies to LDVs.62  I have already 
made a correction for LDVs’ share of GHGs, but since the framework aims to isolate the 
emissions a development’s characteristics can influence, I also correct for the percentage 
of U.S. travel that is urban: about two-thirds.63  This assumes that while developments 
influence intra-city travel emissions, they cannot substantially influence intercity travel 
emissions (although the other two legs of the stool can).  For example, Yang et al. include 
in their bundle of travel demand strategies switching from LDVs to high-speed rail.64 
 
If the urban-weighted share from Yang et al. is applied to the framework, then 
development-influenced vehicle travel is “responsible” for 3.4% of all GHGs in the U.S.  
(See Appendix, Section 4, for a chart summarizing the calculation.)  Factoring out 
emissions from other sectors, a development is responsible for about 12% of all 
transportation GHGs.  If the current share method is used, every sector will have to 
reduce its own emissions by 85%.*  Thus, development-influenced vehicle travel should 
reduce total emissions by 2.9% by 2050 relative to BAU to contribute proportionate to its 
current share to 80in50.  If it falls short of the 85% target, then other subsectors or sectors 
must offset the discrepancy by 3.4% times the ratio of 85% to the actual reduction 
achieved.  These estimates are not intended to be precise benchmarks for the climate 
change impact significance of every development.  However, as is discussed further in 
the next section, they suggest that developments that incorporate proven VMT reduction 
principles – such as location efficiency, diverse uses, and travel demand management 
strategies – have the ability to realize a less-than-significant cumulative contribution to 
climate change.  Furthermore, the target year is 43 years from now, so developments that 
anticipate a low-carbon transportation system in the future may be will-situated to meet 
the target. 
                                                 
* The sector approach used here is similar to the “Threshold 1.1” option in the CAPCOA white paper, 
which suggests a uniform, percentage-based reduction.  See: California Air Pollution Control Officers 
Association (CAPCOA). (2008). CEQA & Climate Change: Evaluating and Addressing Greenhouse Gas 
Emissions from Projects Subject to the California Environmental Quality Act. Barbara Lee, ed.  January, p. 
32 
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Feasibility and cost-effectiveness 
Another approach to examining the extent to which developments influence 
transportation GHGs involves analyzing the feasibility and cost-effectiveness of relevant 
mitigation measures.  In impact assessment, feasibility and cost-effectiveness criteria are 
typically addressed at the mitigation phase.65  “When an impact cannot be mitigated on-
site, off-site mitigation can be effectively implemented in several resource areas”.66  If a 
development cannot reach a given emissions reduction through transportation sources as 
cost-effectively as through other sectors, it hypothetically could offset some of the 
“surplus” emissions by contributing to the more cost-effective programs. 
 
Recent research has shown that many transportation strategies are in fact cost-effective in 
reducing GHG emissions.  McKinsey & Company’s notable net-cost-accounting study 
for all sectors found 3-7% reduction potential against a 2030 reference case from fuel 
efficiency and fuel technology measures costing less than $50/ton CO2e .  Including other 
similar measures, the reduction could reach 10%.67  Focusing on transportation, Nicholas 
Lutsey and Daniel Sperling found that fuel economy and technology measures make up 
half of all the “no-regrets” (i.e. negative cost) emissions reduction strategies and nearly 
20% of the least-cost (below $40/ton CO2e) strategies across all U.S. economic sectors 
necessary to reduce emissions by 10% below 1990 levels by 2030.*  Since the cheapest 
transportation strategies by themselves would only “bring GHG emissions of the 
transportation sector below 2000 levels by about 2030”, substantially greater 
improvements – as well as less vehicle travel – are necessary for 50-80% reductions.68  
Neither of the studies included smart growth or travel demand management strategies. 
 
Studies on the built environment’s influence on travel behavior comprise “the most 
heavily researched subject in urban planning”.69  The resolution of the built environment 
studied has ranged from metropolitan regions to individual neighborhoods, and methods 
include both empirical studies and modeling exercises.  The maturation of the research 
has roughly paralleled that of climate science over the past two decades.  In 2001, the 
same year the IPCC released the Third Assessment Report, Reid Ewing and Robert 
Cervero published a meta-analysis of over 50 empirical studies up to that point, which 
confirmed, among other things, that compact, mixed-use development tends to reduce trip 
lengths, and thus VMT.70  The continued analysis of this topic was part of the foundation 
for Growing Cooler, where Ewing et al. conclude that “compact development has the 
potential to reduce total U.S. VMT by 10 to 14 percent and total U.S. transportation CO2 
emissions by 7 to 10 percent” relative to BAU by 2050.  This estimate accounts for the 
facts that motor vehicles do not account for all the transportation CO2, not all future 
development will be compact, not all housing units will experience turnover, and not all 
VMT will be urban (i.e. within the influence of smart growth).71  It does not account for 
travel demand management strategies a developer might pursue.  The estimate translates 
into a 2.5-3.5% cut in total emissions, assuming a transportation share of 36% (the 2020 
Pew Center estimate) of GHGs in 2050 and some reduction of non-CO2 transportation 
GHGs.  Since the development-influenced travel target reduction of 2.9% falls within the 
                                                 
* Twenty percent is the share of the number of measures; transportation measures’ share of the emissions 
reduction is only 18%. 
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range estimated by Ewing et al., it follows that, in general, it is possible for urban 
development to fulfill its responsibility to 80in50. 
 
The purpose of this section is not to provide a comprehensive review of the recent built 
environment—travel behavior findings.  (Chapter 4 in Growing Cooler is a thorough 
synthesis.)  However, a brief summary of site-level research will inform the significance 
framework.  One of the most well-known case studies is Atlantic Station, a brownfield 
redevelopment of a former steel mill in Atlanta.  A bridge over an interstate highway was 
needed to connect Atlantic Station to a heavy rail station and neighborhood, but 
construction of the bridge was not allowed because the city was in nonconformity status 
with the National Ambient Air Quality Standards (NAAQS) set by the EPA.  However, 
the prohibition was waived through a special EPA program after models projected VMT 
savings of 14.5, 49.1, and 52.3% from Atlantic Station compared to three suburban 
locations.  A compact, mixed-use site design was estimated to save an additional 2% 
compared to the original project design.72  A post-build-out study found that Atlantic 
Station residents and employees in fact generated 75% and 66% less VMT, respectively, 
than the Atlanta regional average (8 and 11 VMT per day compared with 32), 
significantly better savings than projected.73  The extra savings could be due in part to a 
transportation management plan required by the site’s conditional use zoning.74  After the 
EPA conducted an environmental assessment (EA) of the site under NEPA, it declared a 
finding of no significant impact. 
 
Other EPA-sponsored case studies in three metropolitan areas using travel demand 
modeling showed that infill development could reduce regional vehicle travel by 2-8%.  
In Charlotte, the models predicted a 2% reduction in regional VMTs from moving 2.5% 
of households and 1.5% of jobs to infill areas around the city’s new light rail line.  In the 
I-495 corridor around Boston, shifting 14% and 22% of the corridor’s households and 
jobs, respectively, to infill sites in suburban town centers – and primarily in two large 
brownfield sites – would reduce corridor VMT by 5%.75  A matched pair study by Asad 
Khattak and Daniel Rodriguez of a conventional (suburban) neighborhood versus a neo-
traditional (new urbanist) neighborhood found that travel distance per person per day was 
16% shorter in the neo-traditional neighborhood.76  Scanning a number of studies on site 
plan influence on VMT, Ewing et al. found VMT reductions ranging from 2-19%.  For 
studies on regional location influence, they found a reduction range of 13-72% for infill 
development compared to greenfield development.77 
 
Land use planning is not the only means of reducing VMT.  Travel demand management 
(TDM) strategies have the potential for dissuading people from single occupancy vehicle 
(SOV) travel, whether through congestion pricing, parking fees, carpooling, 
telecommuting, bicycle centers, education, or promotional activities.  TDM is important 
for impact assessment because it is a variable that developers and tenants can to some 
extent control.  Therefore TDM is coupled with compact development in determining the 
appropriate contribution of development characteristics to GHG emissions reductions.  
The influence of a TDM strategy is hard to predict because most are implemented in 
unique circumstances.  While several strategies are applicable at the site level (such as a 
carpooling program), others (such as congestion pricing) apply to a broader scale.  Most 
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strategies deliver VMT savings in the low-single-digit percentage range, and an upper 
bound for cumulative VMT reduction potential from TDM measures (including land use 
planning) is estimated to be 10%.78 
 
In California, the AB 32 Scoping Plan spreads its proposed emissions reduction measures 
over all emitting sectors.  The economic driver for reducing emissions is a cap-and-trade 
program covering 85% of statewide GHGs.  Transportation is responsible for 36% of the 
174 MMTCO2e cut necessary to bring the state’s emissions to 1990 levels.  Travel 
reductions from regional land use planning covers 5 MMTCO2e, or 3% of the total (more 
than double what an earlier version recommended).79  This is similar to the 2.9% estimate 
in the significance framework, and indicative of the relevance of an AB-32-based 
significance threshold.   Table 2 summarizes the transportation-related measures in the 
plan.  ARB contends that reaching the 2020 target will put the state on a trajectory to 
reach the 80% target by 2050.80 
 
AB 32 transportation measure 
Emissions 
reduction by 2020 
(MMTCO2e) 
Percent of total 
transportation-
related emissions 
reduction 
Percent of total 
emissions reduction 
Light-duty vehicle GHG standards 31.7 51% 18% 
Low carbon fuel standard 15 24% 9% 
Travel reductions from regional land 
use planning 5 8% 3% 
Vehicle efficiency measures 4.5 7% 3% 
Goods movement 3.7 6% 2% 
Medium/Heavy-Duty Vehicles 1.4 2% 1% 
High speed rail 1 2% 1% 
Total transportation-related 62.3 100% 36% 
Total emissions reduction 174  100% 
Table 2.  Summary of emissions reductions from transportation measures in the AB 32 Scoping Plan.  
Source: Adapted from CARB (2008)81 
 
As Table 2 conveys, fuel efficiency and low carbon fuel standards are allotted a larger 
share of cuts than VMT reduction.  The LDV standards are known as the Pavley rules 
after the sponsor of Assembly Bill 1493, the legislation that authorizes them.  They are 
responsible for almost a fifth of the Scoping Plan, and their impact is felt in regional 
transportation plans as well.  As reported in the draft EIR for the (San Francisco Bay 
Area) Metropolitan Transportation Commission’s long-range transportation plan, the 
Pavley rules reduce the Bay Area’s transportation GHG emissions by 16% in 2035 vs. 
2006.  Without them, GHGs would increase by 27% over the same period.  For 
comparison, the measures in the LRTP itself effect just a 2% reduction compared to the 
trend.82  Clearly, the Pavley rules are expected to do some heavy lifting, but the Scoping 
Plan nonetheless stresses the importance of development patterns in long-term climate 
change mitigation: “In order to achieve the deep cuts in greenhouse gas emissions we will 
need beyond 2020 it will be necessary to significantly change California’s current land 
use and transportation planning policies”.83 
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Evaluating a development’s transportation-related GHGs 
Site-level travel behavior studies confirm that there can be a substantial difference in the 
transportation-related effects of infill versus greenfield, transit-served versus auto-
dependent, and mixed-use versus separated use.  A comprehensive approach to 
estimating how a development changes regional travel patterns would involve running 
travel and emissions models for two scenarios: the project alternative and a baseline trend 
where development occurs where it is expected.  The EPA has described several 
methodologies for quantifying the criteria pollutant emissions effects of infill 
development relative to baseline conditions: 
Recognizing that infill can provide emissions reductions relative to the alternative 
of locating development elsewhere in the metropolitan area is the key to 
quantifying future emissions reductions. That is, many brownfield redevelopment 
and infill projects are expected to have air quality benefits compared with the 
status quo baseline. In the baseline, growth has typically been locating in 
suburban and exurban areas and is expected to continue doing so. Such 
development often produces substantially more vehicle travel and emissions than 
development on infill sites. The greater the difference between the travel 
produced from locating at an infill site versus the travel that would have been 
produced by locating at a suburban or exurban site, the greater the air quality 
benefit of the infill location.84 
The air quality benefits are the result of smart growth planning’s contribution to the 
achievement of a state implementation plan (SIP) for NAAQS criteria pollutants, but this 
approach could be applied to assessing climate change impacts as well.  All 
methodologies are premised on the facts that the growth would have occurred elsewhere 
and the resulting travel patterns would be different.  The various ways of characterizing 
the location of the “baseline” growth include: 
• One or more discrete greenfield sites, as was done in the Atlantic Station study 
• Spread out among the fastest-growing TAZs 
• Allocated to new development predicted by a land use model 
• Allocated proportionately throughout the region85 
Although infill is the “build” scenario, a similar process could be applied to any 
development within the study area of capable models.  Most of the projects reviewed in 
this paper are greenfield developments; they may not diverge substantially from regional 
density or growth location trends.  In light of the built environment—travel behavior 
literature, greenfield developments’ location may not bring about substantial GHG 
reductions relative to the baseline, but site design and travel demand reduction strategies 
can still be incorporated into the slate of mitigation measures. 
Modeling capabilities 
The project-versus-baseline methodologies entail access to travel demand and emissions 
models.  However, the EIRs reviewed below did not reach this level of analysis.  A 
comprehensive model-based assessment is more difficult because no one model covers 
all potential direct and indirect emissions.86  A project-versus-baseline analysis 
presupposes refined modeling units of analysis.  The resolution of traffic analysis zones 
(TAZs) is relatively coarse for site-level analysis. 
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In most cases, the forecasting models used for regional transportation planning are 
not set up to capture the effect of innovative land use strategies. Therefore, they 
typically do not capture the changes in vehicle travel generated by increasing 
development in walkable communities with convenient access to transit.87 
In addition to finer-grain units of analysis, the emissions model must be able to reliably 
measure CO2 and other GHGs.  MOBILE6 is the first version of EPA’s MOBILE 
emissions model to account for CO2 emissions.  However, CO2 estimates are rough 
compared to other modeled emissions; they “are not adjusted for speed, temperature, fuel 
content, or the effects of vehicle inspection maintenance programs.”88  The most recent 
version of URBEMIS2007,  California’s emissions modeling software, can estimate CO2 
emissions and features the ability to incorporate mitigation measures from developments 
that decrease vehicle trips.89  On the national level, with MOVES (EPA’s new emissions 
model), more accurate GHG predictions are possible. 
Climate Change Impact Assessments: Policy Review 
This section reports the findings of a review of climate change elements, sections, and 
discussions in Environmental Impact Reports (EIRs).  Methodological notes are in the 
appendix (Section 1).  Although there are now nearly 1,000 environmental documents in 
California that include at least a discussion of climate change impacts90, climate change 
impact assessment is a very new practice, formally conducted in only one state.  It is a 
practice that may wane in importance in the future even as climate change planning 
becomes more salient.  Approaches vary, in part, because of the lack of established 
procedures for dealing with this unique impact.  In addition to the policy review, 
interviews were conducted with various California public officials and planners.  EIRs 
are referenced parenthetically in shorthand; full descriptions can be found in Table 3 
below. 
 
Most EIR discussions accepted the conclusion that human activities are a primary cause 
of climate change, but some (e.g. Villas at Vintage Park, Fulcrum Property Development) 
mentioned or cited contrary claims of “climate skeptics”.  (Although it can be argued that 
the general debate over anthropogenic influence is settled, the CEQA guidelines 
recommend summaries of disagreement among experts in EIRs.91)  The depth of 
coverage ranged from a brief discussion of climate change to a separate analysis with 
quantification of baseline and future conditions. 
Assessing transportation impacts 
Generally, EIRs mentioned motor vehicles as primary emissions sources.  Mixed-use 
projects such as Clovis R&T Park and Gavilan / San Benito disaggregated emissions 
totals by use in URBEMIS2007.  Fulcrum Property Development applied the software’s 
mitigation options to adjust VMT totals (discussed more below).  Whitney Portal 
Preserve, a rural residential subdivision in Inyo County, listed the Pavley rules and the 
Low Carbon Fuel Standard as mitigation measures, even though they would be 
implemented anyway irregardless of the development. 
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Most EIRs that quantified mobile source emissions used URBEMIS2007.  SacPort 
Regional Petroleum Terminal was the only development to quantify baseline emissions at 
the project level. 
 
Project Short name City/County Date Lead 
Villas at Vintage 
Park 
Villas Delano August-07 City of Delano 
Higgins 
Marketplace 
 Nevada County November-07 Nevada County 
Concept Plan No. 
7 and the 
Redlands 
Commons 
Development Plan 
Redlands 
Commons 
Redlands January-08 City of Redlands 
Tivoli Specific 
Plan 
Tivoli Stanislaus County January-08 City of Modesto 
Hidden Creeks 
Estates 
 Porter Ranch April-08 Los Angeles Planning 
Dept 
Lake Front at 
Walker Ranch 
 Plumas County June-08 Plumas County 
Fulcrum Property 
Development 
Fulcrum West Sacramento August-08 City of West Sacramento 
Clos de la Tech 
Winery 
 San Mateo County August-08 San Mateo County 
SacPort Regional 
Petroleum 
Terminal 
 West Sacramento August-08 City of West Sacramento 
Gavilan San 
Benito Campus / 
Fairview Corners 
Gavilan / 
Fairview 
Corners or 
Gavilan 
San Benito County September-08 Gavilan College District / 
San Benito County 
Bear Valley 
Village 
 Bear Valley September-08 Alpine County 
Whitney Portal 
Preserve 
 Inyo County October-08 Inyo County Planning 
Commission 
Lowe's Home 
Improvement 
Warehouse 
Lowe's 
Warehouse 
Sonora November-08 City of Sonora 
Clovis Research 
and Technology 
Park Expansion 
Clovis R&T 
Park 
Clovis March-09 City of Clovis 
Table 3. Summary information for reviewed environmental impact reports (EIRs) 
Scale 
Discussion of the scale of global climate change relative to the development’s minor 
incremental contribution to it was ubiquitous in the EIRs.  Lowe’s Warehouse calculated 
the share of the project’s buildout emissions in state, national, and global totals – 0.0009, 
0.00037, and 0.00006 percent, respectively.  Fulcrum Property Development estimated 
project shares of state and global emissions in 2020.  In Clovis R&T Park (DEIR released 
in 2009), the small share (0.0078%) of project emissions in 2020 relative to the AB 32 
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target (427 MMTCO2e) is the basis for a negative cumulatively considerable significance 
determination.  On the other hand, some EIRs noted California’s relatively large 
contribution to global GHG emissions (even if per capita emissions are lower than most 
states).  The state is the “second largest emitter of greenhouse gases in the United States 
and one of the largest emitters in the world”, and transportation is its most-emitting sector 
(Gavilan / Fairview Corners). 
 
EIRs approach the scale issue in at least two ways: as an intractable obstacle to detailed 
analysis or as a challenge that, while presenting some difficulties, is not totally inhibitive 
of detailed analysis.  The language used in two examples illustrates this contrast. 
 
Villas at Vintage Park 
In the absence of guidance from CARB and/or the SJVAPCD, it is impossible to 
precisely define the Project’s impacts in the context of officially-defined 
statewide or district-wide GHG emissions much less on a global scale… 
 
Given the challenges associated with determining specific significance criteria for 
GHG emissions when the issue is global in scale, a quantitative significance 
criterion is not proposed for the Project. 
 
Gavilan / Fairview Corners 
Given the global scope of global climate change and the large quantity of 
greenhouse gas emissions, the challenge under CEQA is for a Lead Agency to 
present information on the possible impacts of a project on global warming in a 
way that is meaningful to the decision making process… 
 
For the purpose of this EIR, the significance of emissions of greenhouse gases 
will be evaluated based on a qualitative discussion of estimated net new 
greenhouse gas emissions, and measures included in the project to reduce 
greenhouse gas emissions…The following discussion is a good faith effort at 
estimating possible greenhouse gas emissions from transportation and electricity 
use… 
 
Gavilan / Fairview Corners utilized three methodologies (including URBEMIS2007 for 
transportation) to quantify project GHG emissions.  It should be noted that the Gavilan 
DEIR was released over a year after the Villas DEIR, and after OPR’s interim Technical 
Advisory.  Still, the comparison suggests that dealing with the scale issue has evolved as 
more guidance has appeared. 
Guidance 
Several EIRs mention the lack of formal guidelines in their significance determination 
section.  In January 2009, OPR released official draft guidelines for addressing climate 
change under CEQA.  Pending the finalization of the guidelines (required before January 
1, 2010), informal guidance has been published, including an OPR technical advisory and 
white papers from the Association of Environmental Professionals (AEP), the California 
Air Pollution Control Officers Association, and CARB.  Despite this interim guidance, 
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the current state of the practice has been characterized as a “legal free-for-all” with 
respect to how lead agencies should address climate change.92 
 
The lack of guidance was especially apparent in “earlier” EIRs (i.e. those completed in 
2006 and 2007).  A very recent EIR such as Clovis R&T Park benefited from OPR’s 
interim Technical Advisory (released in June 2008).  The advisory recommends 
quantification, impact evaluation, and mitigation of project GHGs.  Fulcrum Property 
Development relied on the AEP white paper released a year before the OPR advisory.  
With no less than four guidance documents supplementing OPR’s draft climate change 
guidelines, lead agencies and consulting teams now have a preponderance of 
methodological support for conducting more comprehensive climate change assessments.   
Significance Thresholds 
Lead agencies used various significance thresholds.  One option was to set a qualitative 
threshold of “a substantial increase in GHG emissions relative to existing conditions”, 
which implicitly served as a zero threshold (Bear Valley Village, Villages at Vintage 
Park).  In these two EIRs, all emissions were assumed to be new, even if the discussion 
mentioned the improbability of this.  Despite the similar threshold approaches, the 
significance determinations differed.  Whereas Bear Valley Village declared a 
“significant but unavoidable” impact, Villages at Vintage Park declared a “potentially 
significant…cumulatively considerable incremental contribution” to climate change, 
followed by a less-than-significant declaration after the implementation of mitigation 
measures (consistent with Sec. 15130(a)(3) of the CEQA guidelines).  Higgins 
Marketplace also employed a qualitative, implicit zero threshold, but used the scale 
argument to determine the development’s contribution less than cumulatively 
considerable. 
 
The fact that three different EIRs set the same threshold and came to three different 
significance determinations – yes (unavoidable), no (after mitigation), and no (before 
mitigation) – suggests that purely qualitative thresholds risk inconsequentiality.  While 
they nonetheless lead to the documentation of mitigation measures, they do not 
necessarily convey the extent of a development’s GHG contribution or the potential 
effectiveness of the mitigation measures.  As stated in Redlands Commons, “the ability to 
develop mitigation that is effective and proportional to an individual project’s impact, as 
required by CEQA, is dependent upon reliable modeling and impact thresholds”.  
Quantification of vehicle emissions through a refined travel demand model, on the other 
hand, allows for a rough estimate of the extent of mitigation needed and a clearer 
determination of the development’s “fair share” in funding a mitigation measure under 
Sec. 15130(a)(3) of the CEQA guidelines.  In Villages at Vintage Park, transportation 
CO2 emissions were quantified by multiplying the trips generated by the regional average 
trip rate, but no quantitative context with which to assess the total was given.  Other 
things equal, a greenfield development (like Redlands Commons) may require a stronger 
set of TDM strategies, such as carpooling incentives or telecommuting, than an infill 
development in an urban center. 
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The guidelines advise that significance determination “calls for careful judgment on the 
part of the public agency involved, based to the extent possible on scientific and factual 
data”.93  By incorporating some quantification and noting the limitations that climate 
science uncertainties create, planning practitioners can at least improve the significance 
determination process.  Gavilan / Fairview Corners cited a specific baseline description – 
emissions from farm equipment – and quantified the project alternative’s vehicular 
emissions, but did not run a model of other vehicle emissions in the no-project alternative.  
The EIR did include a discussion of the project’s location: a new campus built in 
Hollister, closer to where 1,300 Gavilan College students live, would allow future 
students a shorter commute.  It also mentioned that because of the existing development 
on all sides of the site, the project would not constitute sprawl or leap-frog development. 
 
Fulcrum Property Development, a large, mixed-use infill development in West 
Sacramento, more thoroughly examined how location influences emissions reduction.  
Unmitigated mobile source CO2 emissions were estimated to be 38,091 tons/year at 
buildout.  In the emissions model (URBEMIS2007), internal trip capture adjustments 
were applied to yield a mitigated total of 34,687 tons/year (a 9% reduction).   A slew of 
travel demand management mitigation measures – including a trip reduction plan, bicycle 
amenities, encouraging carpooling and car sharing, safe routes to school, and others – 
were proposed.  Furthermore, the EIR noted that the average daily VMT per household in 
downtown Sacramento was 52.2 miles less than the regional average.  Multiplying by the 
proposed housing units, Fulcrum estimated a daily reduction of 145,481 VMT.  While 
this statistic is more illustrative than predictive, the discussion shows how climate change 
assessments can blend qualitative and quantitative methods to yield meaningful results.  
Fulcrum’s significance threshold – whether or not mitigation measures proposed by the 
Climate Action Team were implemented – was qualitative, but the model results help to 
frame the project’s carbon footprint, estimate the extent of some mitigation measures, and 
in general provide more refined information on GHG emissions to decision-makers and 
the public.  The approach was to qualitatively “draw down” the modeled emissions 
impact through a discussion of the development’s mitigation measures and its adherence 
to the five “Ds” – density, diversity of uses, design, destination accessibility, and distance 
to transit – that are associated with lower VMT tendencies.94 
Discussion and Conclusion 
Usefulness 
Climate change entails even greater complexity in environmental impact assessment, and 
yet complex impacts cannot simply be avoided if they are significant.  The context-
specificity of the built environment—travel behavior connection and the coarse resolution 
of travel demand models prevent a wholly quantitative assessment of transportation 
GHGs.  The latter presupposes that the impact assessment team has access to and intends 
to build and run project, no-project, and-or alternative scenarios, as in the EPA infill 
studies.  Given CEQA’s monetary and time costs95 – often a major frustration for 
developers – such a comprehensive modeling effort for each individual development may 
be more gold-plating than a team would care to place on an air quality analysis.  Less 
rigorous analyses may be able to fall under the “rule of reason” – the assurance that lead 
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agencies are held only to analysis that is reasonably possible96 – especially since the 
climate change guidelines (which are still not finalized as it is) permit discretion in 
setting significance thresholds. 
 
At the same time, the maturity of climate science and travel behavior research give 
climate change assessments measurable parameters within which to report information.  
This suggests that mere qualitative discussions of a development’s impact on climate 
change are inadequate.  Conceptually, then, climate change impact assessment should 
resemble something similar to a Amitai Etzioni’s “mixed-scanning” model for decision-
making, which bridges the gap between the unrealistic nature of rationalism and the 
inability of disjointed incrementalism to tackle fundamental problems.97  While Etzioni 
focused more on the temporal dimension of decision-making, the model applies spatially 
to the climate change significance determination process.  Clearly, greenhouse gases have 
to be reduced, and arguably, the context, design, and operation of a development have a 
role to play in the transportation side of that reduction.  The two bodies of research 
inform the determination of the extent of that role and provide the background for 
establishing a significance threshold.  The level of specificity comes in at each individual 
development.  In summary, a mixed qualitative and quantitative assessment will allow 
lead agencies to make a good-faith effort without being speculative. 
 
Even a broad-brush assessment of an impact that is quite significant on the global level is 
likely to be more effective than no assessment in that it can lead to site-specific 
mitigation measures.98  Similarly, the anticipation of climate change impacts may 
influence the concept and design of the development.  According to Joe O’Bannon of 
Michael Brandman Associates, “the most effective mitigation is not a mitigation.  It’s a 
design change”.99  Project proponents have a variety of mitigation resources at their 
disposal, including those produced by the California Attorney General’s office100 and the 
Climate Action Team101.  Project-level EIRs can identify travel demand management 
measures specific to the development context. 
Programmatic versus site-level approaches 
Although site-level climate change impact assessments are useful, climate change is more 
effectively assessed at the regional level, especially with respect to transportation 
emissions.  The general opinion of the interviewees was that, while project-level analysis 
was useful, the trend toward regional climate change planning is positive.  Climate 
change is relevant to the dichotomy between CEQA and general plans in which the 
former suffers from project-by-project incrementalism while the latter focuses more on 
the long term.102  Ken Alex, supervising deputy attorney general in the environment 
section of the attorney general’s office, believes that while it can be effective in bringing 
about project changes or transportation mitigation measures, 
CEQA does not replace good land use planning.  Evaluation of impacts often 
seems to be done on a project-by-project basis, without a sense of regional impact.  
Because land use and development decisions…are done primarily at the most 
local level – and that is where the CEQA obligation attaches – the effectiveness of 
CEQA in addressing transportation-related impacts has significant limits.103 
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In California, regional blueprint (scenario) planning and the passage of Senate Bill 375 in 
September 2008 have moved the state toward regionalizing climate change planning.  
Scenario planning has been conducted nationwide and is becoming state-of-the-practice 
for MPOs and regional governments.104  A prominent California example is the 
Sacramento Region Blueprint Study, which took place in 2004.  Area residents attended 
forums and workshops to build a preferred regional growth scenario.  They were allowed 
to vary land use mix, density, population growth rate, housing types, and infill 
development share of total development.  The preferred scenario reduces VMT by 26 
percent compared to the baseline scenario.105  The regional transportation plan bases 
transportation investments on this scenario, and the result is a nearly 1 million 
MMTCO2e GHG emissions reduction per year.106 
 
The regional approach to climate change mitigation is conducive to a tiered approach to 
impact assessment.  Tiering, according to California law, is the 
coverage of general matters and environmental effects in an environmental impact 
report prepared for a policy, plan, program or ordinance followed by narrower or 
site-specific environmental impact reports which incorporate by reference the 
discussion in any prior environmental impact report and which concentrate on the 
environmental effects which (a) are capable of being mitigated, or (b) were not 
analyzed as significant effects on the environment in the prior environmental 
impact report.107 
With tiering, developments consistent with a general plan committed to achieving AB 32 
goals could declare a less-than-significant impact.  A significance threshold could be 
based on a county GHG reduction plan and, alternatively, AB 32 targets directly if the 
county does not have a plan.108  This was the case for Lowe’s Warehouse (Tuolumne 
County), which fell back on the AB 32 standard due to the lack of a county or air 
pollution control district plan.  Tiering has the benefit of covering more development.  
Since general plans or GHG reduction plans would apply across a particular jurisdiction, 
smaller projects exempt from review under CEQA would still have to comply with a 
plan.109  On the other hand, from a project proponent’s point of view, tiering is 
susceptible to a legal challenge, especially if the master document is out of date by the 
time the tier document is approved.110 
 
SB 375 is a statutory encouragement for sustainability planning at the regional level.  
Regional planning organizations have to do their part to achieve the AB 32 target by 
adopting sustainable communities strategies (SCSs), which are the basis for long range 
transportation plans.  While it stimulates more coordinated regional planning, SB 375 
also shifts the focus away from the site level by offering exemptions from climate change 
assessment under CEQA for certain transit and infill projects. 
 
Despite the trend toward regionalizing climate change planning in California – and the 
rationale behind it – a consensus opinion among interviewees was that site-level review 
will maintain its importance, both before and after SB 375 goes into effect.  As Bill 
Fulton of the California Planning & Development Report notes, CEQA exemptions will 
not apply until an SCS is adopted, “which is likely about three years from now”.111  In the 
meantime, CEQA review forces major projects to discuss their carbon footprints and 
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propose mitigation measures.  Greg Tholen of the Bay Area Air Quality Management 
District recommends attacking climate change at both the plan and project level.  General 
plans are not updated continuously, and new plans may take a significant amount of time 
to go into effect.112  Even after the effective date, CEQA will apply climate change 
scrutiny to large projects that do not fit the standards for exemptions.  SB 375 has more 
carrots than sticks for MPOs; transportation funding is tied to SCSs, but SCSs are not 
land use plans, for which local autonomy will prevail.113  As climate change planning 
regionalizes, information about development characteristics that influence transportation 
emissions will continue to be important to decision-makers and the general public. 
 
Although this paper has focused primarily on California, where climate change impact 
assessment is effectively required for large developments, the same premises can be 
applied to developments in other states: avoiding crossing the significance threshold of 
global climate change requires a substantial emissions reduction in the next 40 years, and 
the way in which urban areas develop shares a responsibility within that requirement.  
Therefore developments must strive to reduce emissions from baseline conditions to 
achieve a less-than-significant climate change impact.  Various evaluation methods and 
modeling tools exist to estimate the extent of that reduction, and while none is fully 
precise – given the complex nature of climate change and the contextual variations in the 
connection between the built environment and travel behavior – an approach that 
combines quantitative projection with qualitative discussion can provide meaningful 
information to frame a development’s role in stabilizing the climate. 
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Appendix 
Section 1 Methodology for selecting CEQA EIRs 
In total, 14 EIRs were reviewed.  Thirteen were selected in a semi-random fashion.  One 
other, SacPort Regional Petroleum Terminal (West Sacramento), was reviewed even 
though it was not selected.  This EIR won a 2009 merit award from the Association of 
Environmental Professionals. To select EIRs, California counties were randomly chosen, 
and EIRs were queried by county at CEQAnet, a state-run online database 
(www.ceqanet.ca.gov).  CEQAnet contains abstracts of environmental documents (both 
CEQA and NEPA) pertaining to California projects.  The date range of the search was 
limited to September 2006 or later, corresponding with the August 31, 2006, passage of 
AB 32.  This meant that EIRs prepared before then could still have been included as long 
as their final (FEIR) was published after that date.  In the case of multiple (e.g. original 
and revised) DEIRs, the latest version was selected. 
 
In the case of the search results returning multiple site-level EIRs, a list of random 
numbers was used to select EIRs by their order in the results list.  All random numbers 
were generated by www.random.org, which utilizes atmospheric noise.  Only EIRs 
pertaining to residential, commercial, mixed-use, or industrial developments were 
considered.  Industrial developments pertained to sites that would be associated with 
vehicle travel; projects such as pipelines were not included.  EIRs had to pertain to 
projects proposing new construction; mere renovations of existing buildings were not 
included.  EIRs needed at least a section (i.e. more than a mere mention) on climate 
change to be eligible for review.  They ranged from a short section with a qualitative 
discussion to a separate chapter with quantification and baseline comparison of GHGs.  
After an EIR was selected, the actual document was searched for on lead agency websites 
or CEQAmap, an online database of CEQA documents.  In many instances, documents 
were unavailable on the internet and CEQA map.  If a document could not be found 
through a CEQAmap search, web search, or correspondence with the lead agency, 
another EIR in the list was randomly selected.  One county (Lassen) did not have any 
documents that fit the search parameters.  Another (Siskiyou) apparently did not have any 
EIRs available online.  Only one EIR per county was reviewed, which gives the review a 
slightly rural bias.  However, the important part of the review is its documentation of 
methodologies, and it is not limited to any one development setting. 
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Section 2 Climate change “reasons for concern” graphs 
 
Figure 1. IPCC “reasons for concern” in the TAR (left) and updated by Smith et al. for the AR4 
(right).  Source: Smith et al.114 
Section 3 Evidence supporting emissions reduction targets 
used in the framework 
A global emissions reduction of 60-80% below 1990 levels by 2050 is a common target 
recommendation.115  However, it is possible that it may be too moderate.  NASA’s James 
Hansen and coauthors argue that the atmospheric concentration of CO2 (by itself) should 
be reduced to at most 350 parts per million (ppm), from its present level of 385 ppm, in 
order to “preserve a planet similar to that on which civilization developed and to which 
life on Earth is adapted”.116  Earning a likelier-than-not chance of avoiding 2°C warming 
may mean stabilizing the atmospheric GHG concentration at less than 450-475 ppm CO2-
equivalent (CO2e).  The current level is estimated to be 460 ppm.  Achieving a tougher, 
1°C target entails the effective cessation of fossil fuel CO2 emissions by 2050, plus 
carbon capture and storage.117  Allowing the CO2e level to double from the preindustrial 
level of 278 ppm leaves a probability of less than 10% that the climate will avoid a 2°C 
warming and the negative impacts it may entail.118  A 450 ppm CO2e stabilization target 
requires that the world emit no more than 1,700 gigatons (Gt) CO2e between 2000-
2050.119 
 
Key uncertainties are present in our current understanding of the connection between 
atmospheric GHG concentration and warming.  Climate models, called general 
circulation models (GCMs), are employed to estimate what a given atmospheric 
concentration of GHGs is likely to do to the planet.  As refined as GCMs have become, 
they are not perfect at accounting for the largely unpredictable variability of some climate 
feedbacks and the ambivalent effect of aerosols on radiative forcing.  Hansen et al. 
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discuss the “chaotic variability” of the atmosphere and oceans in the context of climate 
change.  For example, volcanic eruptions and ocean circulation affect temperature 
patterns and radiative forcing.  “Model deficiencies in evaluating tipping points, the 
possibility that rapid changes can occur without additional climate forcing are of special 
concern”.  It is important to note that “model uncertainties cut both ways: it is at least as 
likely that models underestimate effects of human-made GHGs as overestimate them”.120  
Aerosols are tiny particles emitted from various natural and anthropogenic sources – such 
as volcanoes, forest fires, and coal power plants – that may have either a warming or 
cooling effect on the atmosphere, depending on the particle.  The AR4 exhibits an 
improved understanding of aerosol effects compared to the TAR, estimating a slight 
aggregate cooling, but the understanding is nonetheless classified as “medium-low”.121 
International climate equity 
Since 80in50 represents the global average target, a point regarding equity among 
countries should be made.  Historical and current GHG emissions disparities between 
developed and developing countries suggest that industrialized countries will need to 
achieve greater reductions than the global average, because their per capita emissions are 
generally much higher.  According to Michael Raupach and coauthors, “developing and 
least developed economies…representing 80% of the world’s population…accounted for 
only 41% of global [CO2] emissions in [2004], and [have accounted for] only 23% of 
global cumulative emissions since the start of the industrial revolution”.122  At the same 
time, “the impacts of climate change are distributed very unequally across the planet, 
hurting the vulnerable and poor countries of the tropics much more than the richer 
countries in the temperate regions”.123  Developed countries generally have a much more 
substantial carbon footprint.  Specifically, per capita CO2 emissions in the U.S. in 2006 
were 4.4 times the global average.124  Therefore, the U.S.’s potential responsibility for 
reducing emissions by greater than 80in50 should be taken into consideration in climate 
change impact assessment. 
 
Climate negotiations take place under the auspices of the United Nations Framework 
Convention on Climate Change (UNFCCC).  All industrialized countries except the U.S. 
have ratified the Kyoto Protocol, which commits them to binding emissions reduction 
targets, varying by country, that average five percent below 1990 levels by the 2008-2012 
period.  The Kyoto Protocol is slated to be replaced by a new international agreement in 
December 2009 expected to be signed at the UNFCCC conference in Copenhagen. 
 
The discussion on how to allocate emissions reductions fairly between developing and 
developed countries involves differing opinions and is far from settled.125  The degree to 
which different countries, groups of countries, or regions are responsible for climate 
change has been one of the most controversial aspects of international climate 
negotiations.  The controversy over emissions allocations highlights how politics, rather 
than science, can be the driver for climate change policy, and raises questions concerning 
the legitimacy of setting impact significance thresholds based politically-driven targets. 
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Section 4 Assumptions and calculation of greenhouse gas 
emissions trends 
Table 4 shows the process by which I calculate the extent of a development’s 
responsibility for achieving 80in50 through the transportation sector.  A development can 
contribute a greater share to this number through non-transportation sectors, such as 
building operations (electricity use, HVAC, etc.) and construction (upstream emissions 
from construction materials).  Since 1990 is the baseline year, 80in50 means a cut larger 
than 80% relative to business-as-usual (BAU). 
 
Step Purpose Description Value Sources Notes and assumptions 
1 Determine 
business-as-usual 
(BAU) scenario 
for GHGs in 
2050 
U.S. GHG 
emissions, 1990 
(MMTCO2e) 
6241.8 EIA  
2  U.S. GHG 
emissions, 2007 
(MMTCO2e) 
7282.4 EIA  
3  Assumed avg. 
annual GHG growth 
rate, 2007-2050 
0.3% EIA/AEO  
4  Estimated GHG 
emissions, 2050 
(MMTCO2e) 
(BAU) 
8283.5 Calculation 
(steps 2,3) 
 
5 Determine 
80in50's 
reduction from 
BAU 
Percent change, 
1990-2050 
32.7% Calculation 
(1,4) 
 
6  80% below 1990 
emissions level 
(80in50) 
1248.4 Calculation 
(1) 
 
7  Percent 80in50 is 
below BAU 
84.9% Calculation 
(4,6) 
 
8 Determine 
responsibility of 
development 
characteristics in 
achieving 80in50 
Percent of U.S. 
GHG emissions 
from transportation, 
2007 
28.0% EIA  
9  Percent of 
transportation CO2 
from light-duty 
vehicles, 2006 
62.0% EPA  
10  Percent of total 
GHG emissions 
from light-duty 
vehicle travel 
17.4% Calculation 
(8,9) 
Assumes equivalency 
between steps 8 and 9; 
assumes CO2 percent 
representative of all GHG 
percent 
11  Contribution of 
reducing VMT to 
LDV's 80in50 share 
29.0% Yang et al. 
(2009) 
Assumes California share 
applies to U.S. 
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12  Percent of total 
VMT that is urban 
66.7% Ewing et 
al. 
Assumes developments 
cannot affect rural 
(intercity) emissions, but 
other two legs of the stool 
can; assumes emissions 
are proportional to VMT 
13  Adjusted 
contribution from 
step 12 
19.3% Calculation 
(11,12) 
 
14  Percent 
“contribution” of 
travel influenced by 
urban development 
to all GHG 
emissions 
3.4% Calculation 
(10,13) 
Reducing VMT is the leg 
of the stool influenced 
most by development 
characteristics 
15  Percent reduction of 
all GHGs (from 
BAU) needed from 
development-
influenced travel to 
contribute 
proportionally to 
80in50 
2.9% Calculation 
(7,14) 
 
Table 4. Process used to estimate the responsibility of development characteristics  
Sources 
EIA – U.S. Energy Information Administration. (2008). Emissions of Greenhouse Gases 
in the United States 2007. DOE/EIA-0573(2007) 
EIA/AEO – U.S. Energy Information Administration. (2009). Annual Energy Outlook 
2009. DOE/EIA-0383(2009) 
Ewing et al. – Ewing, Reid, Keith Bartholomew, Steve Winkelman, et al. (2007). 
Growing Cooler: The Evidence on Urban Development and Climate Change. 
Washington, DC: Urban Land Institute, p. 34 
GHG Inventory – U.S. Environmental Protection Agency. (2008). Inventory of U.S. 
Greenhouse Gas Emissions and Sinks: 1990-2006. April 15. 
Yang et al. – Yang, Christopher, David McCollum, Ryan McCarthy, et al. (2009). 
Meeting an 80% reduction in greenhouse gas emissions from transportation by 2050: A 
case study in California. Transportation Research Part D, doi:10.1016/j.trd.2008.11.010 
(article in press) 
Section 5 Greenhouse gas emissions analysis for 
transportation projects 
Some states and MPOs conduct GHG analyses for their respective transportation plans, 
and in a few states (e.g. New York, Massachusetts, Vermont, Washington) the analyses 
have been honed to the individual project level.  Albany’s MPO, the Capital District 
Transportation Committee, includes global warming costs in its “full cost analyses” of 
selected TIP projects, part of a New York State GHG quantification requirement for 
regional transportation plans.  However, according to Jeff Houk of the FHWA, “[n]one of 
the states that perform GHG analysis currently apply a pass/fail test” to determine if a 
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project is more climate-friendly than the no-build scenario.126  Therefore these 
transportation project analyses cannot be considered full impact assessments. 
 
[Extra] 
 
Most of the challenges of estimating CO2 emissions have to do with estimating the 
amount of fuel burned, since this information is rarely directly recorded.  Vehicle-miles 
traveled (VMT), vehicle fuel efficiency, speed, driving cycle phase, and other operating 
characteristics are all inputs in the fuel consumption equation.127 
 
Ewing et al. focus on CO2 and estimate that “the transportation sector will have to lower 
CO2 emissions to 33 percent below 1990 levels by 2030” in order to “stay on course 
toward a CO2 reduction of 60 to 80 percent by 2050”.  These responsibilities apply only 
to transportation emissions, not total emissions.  If the U.S. transportation sector reduces 
its own GHG emissions by 80% below 1990 levels, then given x percent of GHGs, it will 
reduce total emissions by 0.8x. 
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